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yda THE INFLUENGE OF VISIBLE LIGHT ON THE i .
T '_‘—‘:7.,\ ) SULFHYDRYL CONTENT OF YEAST CELLS AFTER ’ONIZING e &
5 ' AND ULTRAVIOLET IRRADIATION SR
ot ¥ . al
&, OBJECT L
4 OBJECT . ' - B
g . ) . bl T
i g"’f’gz The investigations weére undertaken to study changes in the thiol iy
VR content of proteins in cells, as affected by ultrav;‘.olet and ionizing L ii
) radiations. This report deals with the development 6f an amperometric o1 e
°«>11 ‘method for the quantitative determimation of sulfhydryl groups; its : 1 #.3
“ application for the titration of sulfhydryl groups in yeast cells; and - A R
”9*«' some preliminary data on the sulfhydryl content_of yeast cells as 5 ‘ :_:fo-i
wi‘ affected by x- and uliraviolet irradiation and subsequent irradiation L
\"’31 wwith visible light, . R
4 S : ’ - s
g 'a,ooi{ RES«ULTS AND CONCLUSIONS . : & KRR
o SR N 308
B n;!' An amperometric method for the determination of sulfhydryl groups g(«*“
! was deve;oped which permitted the detection of sulfhydryl compounds N we
%]I iw)’ in amounts of 106 with a precz.sxon of at lea.st +2%. { ‘f;‘* ]
93 { - - ™ : 'n:; ’:‘p\‘
i , . : Ev.&.dence is presented that thls method will permlt the determmatwn ’ ‘ cj—ﬁ
B of sulfhydryl compounds wu:hm the yeast cel],s° ;. ’3-(
T Yeast Cultu-res, jrradiated with sufficient doses of ultraviolet light, 1 "
i -~ of with soft x-rays, showed a decrease in sulfhydryl content as well as b fvf '
. “, the number of viable cells. Subsequent irradiation of the ultraviolet } A
| SR irradiated cells with strong visihle light led to a partial reversal-an ’ . ‘%\
@, oe,l increase in the sulfhydryl content as well as the number of viable ¢cells. .- &;éﬁ
’ ;i Subséquent irradiation of the soft x-ray o eated cells with visible f‘é L2 ?m@
O . light had no effect on the sulfhydryl content of the; cells, but dzd lea.d to ‘; : ﬁéﬂ :
. Lt a’ slight increase in the viable cell cou.nt - ) ) _;‘; s
* ) e, 73“:
A ' REGOMMENDATIONS _ SR
¥ e -The effect of ionizing and ultraviolet irradiations and the subsequent NS Rt
L effect of visible light on the sulfhydryl content and activity of isolated 3 ? L
o crystalline thiol enzyme , and thiol enzymes within the yeast cell should 17 %;j
& be studled v o3 e
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¥ _ THE. INFLUENCE OF VISIBLE LIGHT ON THE s
B  SULFHYDRYL CONTENT OF YEAST CELLS AFTER IONIZING
wé B, _AND' ULTRAVIOLET IRRADIATION G
‘:“%0;9' 2b PEN /--’\’ - - )j
1% - I. INTRODUCTION ;
. X o
T S Compounds possessing suifhydryl groups command a singular .
%j . pron}:mence in the living cell on account of their d1verszf1cdand R |
;g?,, B 1nsepare.ble associationwith the me chamsm of celldivision (1), enzymm . l,‘, f
: %“’ actlvuy (2), and proiein architecture (3). SR g
"’Q: - - -7 3 ;o
2 il £ Thg. ,ob.servg.tion has been made repeatedly that cells rendered ' .
% %‘i nonviable by ionizing or ultraviclet irradiations occasionally maybe’ o
e,% Lo revived if stored. under varying conditions after jrradiation (4). The 5
gg 2 discovery Qf the phenomenon of photoreactivation (5), (the reviving 5
v N effect of visible. light on ultrewviolet irradiated cells) has shed new oot
7 Y light on the complexities of the irradiation phenomena, but the under- :
i fz . lying mechanism of the observed effects is still unknown (6). {
i .';(. N g 5
PAR Y — -
" g ¥low This repert deals wﬂh ths: extent to which sulfhydryl groups within WA
i B . the cellare involved during ionizing and ultraviolet irradiation and the |
;,jj' o subsequent action of visible light. :
g"i fiéh o - . _ : )
kS - I METHODS AND PB,OGEDURES. | -
o ‘ s,
il T
S A, Amperometrac method for suifhydryl _gﬁoups, o
o8 - N
:< _ ‘The ,am,pe'rome-tr:;c determination of mercaptans using the E
A rotating platinum cathode (7) and its modifications (8) for the o
2 = determination of thiol groups inproteins has recently been 1mprovéd E
f &/ 5 _ (9) by subsntutmg a vibrating platinum electrode. ot
° "& T 3 ac A e
S Ve . In the thml determinations descmbed below, the vibrating .- _ L .
i - electrode was substituted for the rotating platinum electrode in the ?4 b
S method of Benesch and Benesch (8). 'I‘he vibrating electrodeé 4
I . consisted of a platinum wire attached to the armature of an auto- i
.. radjo vibrator connected to a a 6-volt power supply. Thée mercury- 3
*ﬁ g “mercumc iodide reference electrode consisted of a vessel, similaz g :
o to that previously described (10), which contained about 0.6 ml of :,%
E mercury on top of which was placed the electrslyte solution {4.2g }f; :
& - of potagsium iodide and 1.3g of mercuric iodide in sufficient , %
-f& saturated potassium chloride to make 100 ml). The salt br1dge 5o
FI was filled witha 3% gelof agar conta1mng 30% potassium chloride. 3.
% ss : SR N G 6 S g ) ’:
’ o e - D ‘ S @ ot
e ,, g
‘e N g K2 :
. . 1 g
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* We are grateful to Dr. M. C. Brockmann of J‘oseph Seagram and
Sons, Louisville, Ky., who furnished us Wl‘th transfers of this and

other strams of- yeascs for our studies.
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i I’:: 1 - 'o .-:
! 5 A light beam type of galvanometer with a sensitivity of 6.04 ua per b
| i?’i division was connected to the electrodes. A variable resistor (100 ohms) 2
7 5 was placed across the leads of the galvanometer. The cccasional 5
:' ? 2R ‘erratic response of *hiselectrode was checked by day-to~-day standard- - z
be | =2 ization of the. silver nitrate.
! « S Yo
{ o hotS ?_:,“ - o &
; 523 ) The standardlzatmn of the silver nitrate was carned out by ;‘ﬁ
LT % ke 'plamng 1ial of about 0.001 N thloglycolhc acid, the purity of which TR
X - - had previously been determined, into a 100 ml beaker containing 2% ml - A
o - of absolute ethancl and 1 ml-of supporting electrolyte (30 g of ammao.-~ )
Hp: —--~ >/ _nium nitrate, 125.ml of concentrated ammonia -and sufficient distilled e
{, . fé water to make 250 ml). The electrode was then started vibrating and
i z’“ - the bridge opened. A few minutes were allowed for the galvanometer -
$ to come to rest at its zero point, Then small zliquots of 0.001 N
» AgNO3 were zdded, wa;tmu a few seceonds for the galvanometer to .
i“ register a steady state before taking the readmg The values cobtained e
5 were plotted. The end point and calculatxons were carried’ out in the 2
P usual manner (11)8 usmg the fornula: ®
o N A—gNO =1 N thmgl_ycalhc acid x ml thioglycollic acid A
S T ml AgNC3 A
- ’ ; . 1o o]
?j . The ahquots of yeast cell s*:.spensmn—s were tlttated in the same " !
P manner as the silver nitrate standard except that a 20% methanol .
; " solution was used in place of the absolute ethanol. The per cent SH :
L was then obtamed by the formula‘ |
S
o % Sh ‘Vol AgNO3 x N Ag_Oa x 0 033 x 100 . ”
g ) " wt. of sariiple : 5
B. Yeast Cu].‘ti:m'e,sf_ _J' - ) Tt e a
ﬁ, ° - -Saccharomyces cerevisa;‘-év(Meyers and Reis, Seagram #44%) was - 1:
o _grown in malt extract broth (Difcoj at 30°C for 18-24 hours in station- .k
f_“ “ary cuyltures (250 ml medium in 1 liter Erlenmeyer flasksj. The f
o) o harvested cells were .ccntrifuged and washed twice with 50 ml saline
%3 ' and suspended in saline to the desired volume. Irradiations were
3" carried out immediately after these operations. L :

- Y
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} n § : C. Ipnizing irradiations
A S " - S : =

i ' ’ 5 o i o . :

42*”' T?i« A Picker-Waite x-ray diffractioh unit, utilizing a Machlett-

2@ - 50-T thin beryllium (1l mm) windéw tube without additional filters

;'zg 3 o was used to provide a source of soft x-rave. The tube was operated

;‘% e at 50 Kv and 18-ma. The tirget specnmcr‘ xwas placed 10 cm from .

:;2’;% e by the tube. The yeast daline suepenszu“ wasg irradiated in a depth of _ o

E: Y 1 mmin stainless stpeldishes, 36 mm diameter. Thecux-ray dosage :

E Cé S

{} Oy ~was calculated to be about 29, uOO r/min. %* -

S o2 - " (]

I = 7 ' ) '

Qté ? D. Ultraviolet irradiations S

oag it I IR 5
LI ,'I, > 3
-3 i -
f__gl i For the ultrawoiet irradiations a. 15 W G. E. germicidal "lamp, _ 4k
RS _ intemsity about 50 ergs x"sec™! x mm““, was placed 60 cm froimthe S

4 { y g P 3 4
Y 2] yeast saline suspension ‘lepth of 1 mm). The radiation of thislamp F
,§ % “is practrally monochromatlc, 95% of the light source being a.t 4 ¢
B 2,537 A°. - > E
S e ;
i H E. Vls,_l'ble light 1r‘rad’1at10ns k
. d?‘ i1 ) ’ L
WE : : : - 1%
q% §E Irradxa.tmn with visible light was accomplished by the use of 1ot
oo b 1} . a G.E. A-H4 mercury lamp (100 W) with a fixed reflectorbutno i .
SR NS condenser. It was placed 20 cm from the sample to be irradiated. LY
i "% 5A liguid filtet consisting of a 1 cm layer of 5% CuSO4 was used to e
.3 Lloe remove most of the infrared. ’

39 7 +
S5 B ' . :
:ff*: FE F. Ce-ll Gounvt-s g

X o o . B y

ot The cell counts were made by appropnately diluting ‘the
I yeast suspension with saline and streaking on malt agar plates. g
4 2; The organisms were shaken mechamcauy (Kahn shaker) prior to 1
o % f: B _dilating to avoid clumping. Final cell counts were made after 48 ;
"4 . heur*s mcubatmn of the malt agar plates. :

_‘ . % : oA I B ) - ) ' j
2" dr The d-ry wei-ght of the yeast was determined by drying 2 ml I
. aliquots of the yeast saline suspension in shallow pans at 90°Cfor | i
;P,; two hou's. The dry welghts were correctéd for the NaCl present. ;o
,,7:,0:‘ :: r\: = -~ - g
i‘"‘é %”—i ) H = . ‘;
= ‘;’5! 85 X 5
Z‘.’ 3 S I g
13 H | - |

Y 7 *% The x-irradiations as well as calculations of roentgens were 4
S P carried out by the radiobiology départment. %
b 58 : : ) :
&) ; : u E I
i - B i
! ‘ 3 P
b : ) _ o a
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A. Dlﬁlter_m-inafion of thiol _groups in th'e i_ntact ﬁnd_ brpkie'n yeas t-’-'cell
, o -

In order to ascarta1n whether amperometrm titration would
permit a quant1tat1ve determination of theé thiol groups in the=intact

T

e
s

it ieii
4
o h
T And ,a‘o,‘é'O‘ .u

Rk e W

-4
K
)
3

o4 :
1 o yeast cell, a cemparlson of the SH content of the intact and disrupted g
% o _ yeast celis was carried out. The dlsruptmn of the yeast cells was_ f
d 5 accumpiﬂsher’ by the ‘use—of a stainless steel percussion apparatus 3
':i (12) which was cooled with a dry ice-acetone mixture. This method L
. permitted practically complete disintegration of the cells in a :
' munmum of tilne under very mild cond1t1ons. The efficiency of the I i
‘y percussion method was evaluated as percent kill by making viable ~ _L :
T T  coulits béfore and afier- ‘r,reatnlent and by | gross m1croscop1c examin- ’ 7B
; ation. ) tok
3 i A comparison of the two exper1ments (Table 1) showed that ° it
1 g . ____i entical amounts of thiol groups were found in the intact yeast L E
;4 ks ells, and the digintegrated cells. It has been shown previously I~ 3
3 i , ) that thiol groups can be titrated in the intact protein molecule by ' L
] E§ a similar amperometric method. =]
e ad 0 .ok . N
? B, : ° B. Eifect of ultraviolet irradiation on yeast cells ’ 2 ; 5
. o © 77 The source of ultraviolet ligkt-was a G.E. germicidal lamp, ; '
q - i > ) 60 cm from the target. -Ye‘a's_t cells suspended in saline were irra- ’
diated in steel planchets. Plotting the logarithm of the surviving i
:’ cells versus increasing incréements of ultravioletirradiation resulted g f
: ?““i A . in a straight-iine relationship. (Figure 1A) - v - yz i
3 :- > . A washed yeast suspension in saline was placed in stainless )i
i ) f _steel dishés at a depth of 1 mm. Aliquots of the yeast suspension f 3
iy were irradiated for 2-15 minutes with ultraviolet light and the SH P
8 ,4 B content and viable cell count determined. Another aliquot of the cell ; :
:Q:U; ’:ii ' suspension was tr_g:ated ideptica.lly, but immediately after the ultra- : ;
3 i) violétirradiation was irradiated with visible light. Suitable controls ,bi
' e" were carried out under identical conditions. Unwanted photoreacti= b:
: §§ A vation of the yeastcells fro.n 11gh,. neeaedfor working was forestalled j
4 7] by keeplng the cells in the dark and exposing thein only to weak yeilow A
. i . hght from a G.E. 25 A / OAQ lamp dur1ng the handling. ’
| The res-ults of one of these experiments is shown in Table Z. i
,; Exp'osure to ultraviolet light resulted in a decre_a.$¢" of SH groups 4
5 and surviving cells. Subsequent illumination with strong visible ;
A %‘ light resulted in a small, but definite increase in SH groups and a »
| 3
2 ) - . L; ’i

AR Ry,
°
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considerable. increase in the viable cell count compared W1th cells
whmh were trcated w1th ultraviolet light only..

C. I:.ffecf of 1on171ng rad1a.t1ons on yeast Cells

A yeast cel]L suspensmn which had rec »:.ved a dose of 100 000 T
was incubated in malt extract broth and the progress of growth
observedunder the microscope. During the first'i-2 hdurs the cells
appeared normal, extcept for an occasional cell that was small and

' shrunken. A large number of cells formed doublets with a peculiar
dumbell shape. During the next 2-4 hours there was a gradual
increase in cell size, most of the cells congregating in clusters of

_2-12. The maximum céll size was a.ppa.rentl’y' reached after 6 hours

e e -}4._4.—, LN

A =

Ay W@.uﬂ o W-‘Iﬂilmﬂ;

s

©

[P NRLTAPS W 3

b 522

J——A— i . R
UL Ln.bu.uat.l.un. : LR

Prioxr to the determination of sulfhydryl groups in x-irradiated

., yeast cells, 2 desirable x-ray dosage range was determined by
7 irradiating washed yeast suspensmns in saline with varying doses of
x-rays (F:g 1B). ‘

In order to determme the changes in the gsulfhydryl content of
yeaot cells after ionizing irradiation, a washed suspension of yeast
cells in saline was d@vided into various aliquots. and treated as
follows: ©One portion was x-irradiated with 100,000 r, another
portion after identical z-irradiation treatment was exposed imme-
diately to strongvisiblelight for 30minutes under conditions cutlined
above, whxle a control portxon was kept undexr identical conditions of
temperature and storage. 1n all cases the sulfhydryl content ‘and
viable cell count was determined immediately at the end of the
expenment. In order to avoid possible nndesired side reactioms,
the yeast cells were shielded against light, and the handling after

exposure to irradiationwas carried out by ;.uunnna.tmg the laboratory
with weak 'y'ellow hght only (G. E. 25 A/OAO la.mp) :

The results oi a typical experiment are given 1ﬁ Table 2. A

considerable decrease in the SH content occurréd after x-irradiation
together with a decrease in the viable cell count as compared with
the control. Illumination with strong visible light for 30 min. afier
 x-~irradiation did not effect the SH content.
sl‘ighf. increase in the viable cell ¢ount.

Iv. DIS GUSSION

"Whether or not this slight increase was caused by a catalytic action
of traces of heavy metal (stainless steel containers were used in the
x-irradiation experiments) remains to be determined. In this connection
it should be pointed out that a slight amount of photoreactivation after
x-irradiation was also obtained with T2 bacteriophage (13).

However there was a
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The ccnslstent inerease in the thiol content of ultraviolet exposed
cells fo}.lowmg visible lighi irradiationmaybe significant. The formation
of 2 light labﬂe toxin under the influence of ultraviolet irradiation and -

~ its destruction by vibible light has been postulated {6).  Changes in the
$8-SH ratio th}un the cell following ultraviolet and light irradiation
ma,y well be assocxated with the mechamsm of photcreactwa tion.
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An armperometric method for the determinati-n of sulfhydryl groups
was developed, which permitted the detection of sulfhydryl cnmpounds
in ambu,nts of 196 vsnth a precz.swn of at least "2%. y
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= 2 - <

J:.v;dence is px‘esented that this method will perrrut the determmatmn
of sulfhydryl ccmpounds within the yeasdt cells.

Yeast cultures irradiated with sufficient doses of ultraviolet light,
or with soft x-rays, showed a decrease in suifhydryl content as well as
the rl_m.ber of viable celis. Subsequent irradiation of ‘the ultraviolet

_irradiated cells with strong visible light led to a partial reversal-an
increase in the sulfhydryl content as well as the number of viable cells,

Subsequent ixrat:i;a»tion of the soft x-ray treated cells with visible
light had no effect onthe snlfhydryl content of the cells, but did lead to a
-slight-int:reaée in the viable cell count.

V RE COMMENDATIONS
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‘ The gi’i‘f_e,(:‘éigs~ of ionizing'a'nd uliravioletirradiations andthe subsequent
effect of visible light on the sulfhydryl content and activity of isolated

. be stud:.ed

crystallme thiol enzymes and thiol enzymes W1thm the yeast cell shou.ld
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b COMPARISON IN THE SULFHYDRYL CONTENT OF INTAGT
o 7 AND DISINTEGRATED YEAST CELLS AS DETERMINED BY
| ﬁt AMPEROMETRIC TITRATION
: i o i::— -__,_ _ s e - - —— —— —.  ___._ . . - P N -~ -

‘ Treatment | Numiber of : % Aver.age I‘%Des-tru-ction ‘
S Viable Cells 1)] SH | SH% -| of Celis | Vo

3

: | ImtactCelMts | 1.25x109 | 0.378 | 0.373
i | - 0. 363 '

L}

Lo ’ Disinteg-rated ,‘ 2.34 x 10'6 | 0.373 ] 0.378 | 99. 8 ' : }
o Cells | 0.383 | . ,

| IntactCells | 4.80x107 - | 0,265 0.269
B S 272 -
| Disintegrated | 6.24x10% | 0.260| 0.258 | 99..9 |
~Cells | : ! 0 255 o | ‘ |

o

*

{

o
.
.

(1) Average of 2 determinations _ o ) i -
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THE EFFECT OF ULTRAVIOLET AND IONIZING IRRADIATION
- AND SUBSEQUENT IRRADIATION WITH VISIBLE L,

= S

COUNT OF YEAST CELLS

..... \_\D

. ¢ { Dosage - - | Illumination |
g e =t with Visible

Light (2)

_ Light {(min) (1) |

% SH (3) | Viable Cell
' { Count (4) |

= e - 1 0.209 2

= 2. 49x10
- 0.119
0.118 6.43x108
- 0.212 | 5,73%10
| | 0,115 -1 8.-,4-0%103':-

~ 1 3 T 4 1. 46x10%|

" 0.152

(-1‘,)'._ 15 watt G. E. gefmicidal lamp,
@)

60 cm target distanceé

G. E. A-H4 fne.rlcthx'r’y lamp (100

W) 20 cm distance with 1 cm 5%:
CuSO, filter interposed, ' ‘

(3) Average of 2 determinations; : e R
(4} Average of 3 counts’ R

C4zz2xi0) T
“‘1’0 _,: - 20 -. ] e :
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